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Description 

The present Invention relates to an electro- 
chemical generator apparatus containing solid ox- 
ide electrochemical cells having fuel electrodes, 
operating in a hydrocarbon fuel environment, where 
the fuel electrodes are Impregnated with selected 
chemicals which form metal oxides upon heating. 
The metal oxides prevent cell degradation caused 
by carbon formation. 

High temperature solid oxide fuel cells convert 
chemical energy into electrical energy, typically at 
temperatures of from about 800 -C to 1,200 'C. 
Such solid oxide fuel cells, solid oxide fuel cell 
configurations, and solid oxide fuel cell generators 
are weli known, and taught, for example, by Isen- 
berg in U.S. Patent Nos. 4,490.444 and 4,064.987. 
In these patents, an axtally elongated, tubular air 
cathode, usually made of a doped oxide of the 
perovskite family, has solid oxide electrolyte de- 
posited over it, except for a small radial segment 
which contains a deposit of interconnection ma- 
terial down the length of the tube. A fuel anode, 
usually a nickel-zirconia cermet, forms an outer 
layer over the electrolyte, to provide a fuel cell. A 
metal fiber, current collector felt is then attached to 
the interconnection. 

In these applications, the cells and cell assem- 
blies can be electrically connected In series and 
parallel, hydrocarbons or other fuel can be fed to 
contact the fuel electrode on the exterior surface of 
the fuel cell, and air or oxygen can be fed to 
contact the central, interior air electrode. Insulation 
used with all of these ceil designs is usually tow 
density alumina. Utilization of both methane, and 
natural gas containing higher hydrocarbons as fuels 
is possible in the axially elongated interconnection 
designed cells. However, there is a possibility of 
some performance degradation and electrical short- 
ing between the fuel electrode and the interconnec- 
tion due to carbon deposition, especially when 
higher hydrocarbons are used in the fuel. Also, in 
some instances, during cell operation, fuel elec- 
trodes are prone to deactivation for the reformation 
of methane and other hydrocarbon fuels along at 
least part of the cell length. 

Carbon deposition on the fuel electrode surface 
is thought to result from poor water adsorption on 
the fuel electrode, leading to slower gasification of 
carbon from adsorbed hydrocarbons at the surface. 
If H2O is not adsorbed, the adsorbed oxygen spe- 
cies necessary to react with adsorbed carbon spe- 
cies, to form CO and C0 2 gases, will not be 
present in sufficient quantity, and will result In 
formation of carbon which is encapsulating In na- 
ture and remains resistant to oxidation, even 
though H2O is present In the fuel atmosphere. 



Removal of such carbon, once formed at elec- 
trode surfaces, is usually very difficult Formation 
of a continuous layer of carbon between the fuel 
electrode and the interconnection may also, in 
s some circumstances, after prolonged use, result in 
the development of an electrical short circuit path 
and cause performance decay of the cell. Forma- 
tion of a surface layer of carbon on the fuel elec- 
trode prevents fuel species from reaching the elec- 
10 trochemical reaction zone at the electrolyte inter- 
face, thus degrading fuel celi performance. 

What is needed, for fuel cells using a hydrocar- 
bon fuel, is a means to prevent carbon formation 
on the anode electrode, exposed electrolyte, and 
is metal fiber current collector felts, in a fuel cell or 
cell bundle operating at 800 *C to 12O0*C with a 
hydrocarbon fuel feed. The main object of this 
invention is to provide an electrochemical device 
meeting such requirements. 
20 Accordingly, the present invention resides in an 

electrochemical generator apparatus (30), contain- 
ing an electrochemical cell assembly comprising at 
least one electrochemical cell (10) containing a fuel 
electrode (18), characterized In that the fuel elec- 
25 trade comprises a porous nickel-zirconia cermet 
and contacts a solid oxide electrolyte, the fuel 
electrode is impregnated to the electrolyte surface 
with metal-containing salts selected from the group 
consisting of nitrate, formate, acetate, propionate, 
30 and butyrata, which form metal oxides upon heat- 
ing, where the metal is selected from the group 
consisting of Mg, Ca plus Al, Sr plus Al, end 
mixtures thereof. 

The term "impregnated" herein means distric- 
ts uted throughout the bulk of the fuel electrode. 
These oxides are formed by heating appropriate 
metal salts which include nitrates, formates, ace- 
tates, propionates and butyrates. 

The electrochemical cell can be a fuel cell, 
40 which preferably contains an attached nickel fiber 
current collector felt on the fuel electrode, where 
the fuel electrode and current collector felt are 
impregnated with the metal oxide. It has been 
found that the metal oxides described previously 
45 are effecting In adsorbing H a O, which can provide 
the oxygen required to combine with any carbon 
from adsorbed fuel species, allowing continued 
high hydrocarbon feed reforming activity at the fuel 
electrode, with minimal hydrocarbon cracking or 
so hydrocarbon decomposition to form carbon. The 
metal salts used to form the metal oxides and the 
metal oxides described have been found to not 
form compositions harmful to the fuel cells at 
1000* C In the present of hydrocarbon fuel. 
55 The preferred method of applying the metal 

satt is as a solution in water or an organic solvent, 
by vacuum Impregnation, and the preferred fuel 
electrode is a stabilized nickel-zirconia cermet, that 
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is, nickel particles held in a stabilized zlrconia 
skeletal structure. Preferably, the porous fuel elec- 
trode is uniformly impregnated, so that minute met- 
al oxides are formed throughout, including the area 
near the electrochemical zone deep within the fuel 
electrode at the interface between the fuel elec- 
trode and the electrolyte. These oxides are effec- 
tive (n preventing ceil deterioration due to carbon 
deposition from the fuel gas feed. 

The invention will become more readily appar- 
ent from the following description thereof, shown 
by way of example only, In the accompanying 
drawings in which: 

Figure 1 is a cross-sectional view of two tubular 
fuel cells connected in series through a metal 
fiber current collector felt, where the exterior fuel 
electrode and the felt contain Impregnated metal 
oxide particles in accordance with this invention; 
Figure 2, which best illustrates the invention, is a 
broken perspective view of one embodiment of 
a fuel cell bundle surrounded by insulation in 
the generating chamber of a fuel cell electro- 
chemical power generator; 
Figure 3 Is a block diagram showing the method 
of Impregnating the fuel electrode wrth selected 
chemicals and the formation of metal oxides as 
discussed in this invention; 
Figure 4 is a voltage vs. time, fuel cell perfor- 
mance curve, for a fuel cell having a fuel elec- 
trode impregnated with chemicals which form 
metal oxides according to this invention; 
Figure 5 Is a voltage vs. current density curve, 
for a fueJ cell having a modified fuel electrode 
containing metal oxides according to this Inven- 
tion, utilizing methane, curve A, and synthetic 
gas. curve 8; and 

Figure 6 is a voltage vs. time, fuel cell perfor- 
mance curve, for standard, unmodified fuel elec- 
trode fuel ceils. 
Referring now to Figure 1 of the Drawings, a 
preferred configuration for solid oxide fuel cells 10 
is shown. The preferred configuration is based 
upon a system wherein a gaseous fuel, such as 
methane or higher hydrocarbon Is directed axially 
over the outside of the cell to contact a fuel elec- 
trode 18, and an oxidant, such as air or O3 flows 
through the Inside of the cell to contact an air 
electrode 14. The term "air electrode" as used 
throughout means that electrode which will be In 
contact with oxidant, and "fuel" electrode means 
that electrode that will be in contact with fuel. 

In a preferred form, each cell 10 may include a 
porous support tube 12. In some instances, the air 
electrode 14 can be self supporting. In an exem- 
plary cell, the support tube 12 can be made of 
calcla stabilized zlrconia, forming a porous wall 
approximately one to two millimeters thick. Sur- 
rounding the outer periphery of the support tube 12 
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Is a porous air electrode, or cathode 14. The exem- 
plary system cathode Is a composite oxide struc- 
ture approximately 0.05 millimeter to 1.5 millime- 
ters thick, which is deposited onto the support tube 
s through well-known techniques. The cathode (air 
electrode) is, for example, comprised of doped and 
undopsd oxides or mixtures of oxides, such as 
LaMnOa, CaMn0 3 , LaNiOa, LaCoOa, LaCr0 3( dop- 
ed indium oxide, In20 3t various noble metals, and 

10 other electronically or mixed conducting mixed ox- 
Ides generally composed of rare earth oxides 
chemically combined with oxides of cobalt, nickel, 
copper, Iron, chromium and manganese, and com- 
binations of such oxides. The preferred cathode is 

75 doped LaMnOs. Preferred dopants are strontium, 
calcium, cobalt, nickel, iron, and tin. 

Generally surrounding the outer periphery of 
the air electrode is a layer of gas-tight solid elec- 
trolyte, generally comprised of yttria stabilized zir- 

20 conia, about 1 micrometer to 100 micrometers 
thick. The electrolyte can be deposited by well 
known high temperature vapor deposition tech- 
niques. However, a selected radla) segment Is, for 
example, masked during electrolyte deposition, and 

26 a layer of an interconnect material is deposited on 
this segment 

The interconnect material 20, which preferably 
extends over the active length of each elongated 
cell 10 must be electrically conductive in both 

30 oxidant and fuel environment. Accordingly , the ex- 
emplary cell includes a gas-tight interconnection 
approximately the same thickness as the electro- 
lyte, 5 micrometers to 100 micrometers. The pre- 
ferred Interconnection material is lanthanum chro- 

35 mite doped with calcium, strontium or magnesium. 

Substantially surrounding the solid electrolyte 
16 is a second porous electrode, for example, a 
ntckel-zirconia or cobalt zirconia cermet fuel elec- 
trode, as anode 18. As shown, the anode is also 

40 discontinuous, being spaced from the interconnec- 
tion 20 a distance sufficient to avoid direct elec- 
trical communication between the anode 18 and 
the interconnection 20 and the cathode 14. The 
exemplary anode 18 is about 100 micrometers 

4S thick. The fuel electrode is made of nickel or cobalt 
particles imbedded in a surrounding oxide skeleton. 
This skeleton Is preferably the same composition 
as the electrolyte, Zr0 2 doped with Y 2 0 5 . The fuel 
electrode as a whole Is porous. 

so Deposited over the interconnection 20 is a lay- 

er 22 which is preferably comprised of nickel, of 
the same thickness as the fuel anode, about 100 
micrometers. Fig. 1 also shows the series intercon- 
nection between consecutive fuel cells 10. The 

55 electrical interconnection is preferably enhanced by 
a porous metal felt 24 made, for example, of nickel 
fibers. The felt extends axially between the annular 
cells 10, and is bonded to each by pressure con- 
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tact which causes sinter bonding during operation. 

During operation, air, or 0 2 flows through the 
center of the annular cells 1 0. and fuel passes over 
the exterior. Oxygen molecules diffuse through the 
porous support and cathode. Fuel diffuses through 
the anode. Oxygen ions pass through the elec- 
trolyte. These reactants electrochemically interact 
near the electrolyte/anode interface, via the actions 
of the electrolyte and electrodes in generating pro- 
ducts such as water vapor and carbon dioxide, as 
well as heat and electrical energy. Water vapor and 
carbon dioxide formed at higher temperature on 
the anode are carried away from the cell with, for 
example, unburned fuel, and electrical current is 
transferred in series from the inner cathode 14 of 
one cell to the outer anode 18 of the next cell. The 
electrical current is usefully drawn through leads 
not shown. Additional metal fiber current collector 
felts may be attached as at points 26 and 28 to 
provide parallel connections to additional side by 
side cells of a fuel cell bundle, best shown In 
Figure 2. 

A fuel ceil bundle is shown as a plurality of felt 
connected cells 10 in Figure 2, assembled in one 
embodiment of an electrochemical power generator 
apparatus, shown as 30. As can be seen, the 
plurality of fuel cells 10 are connected in series 
through felts 24 along the vertical rows 32, and in 
parallel along the horizontal rows 34, In electrical 
energy generating chamber 36. Final connection is 
made to conductive metal plate or bus bar 37. The 
generator apparatus 30 can Include an oxidant gas 
Inlet chamber 38, and a combustion product or 
preheating chamber 40, all within an exterior metal 
housing 42. Insulation 44, usually pressed alumina 
AbOa felt is shown throughout the generator 30. 
Fuel, shown as arrows 46, can enter generating 
chamber 36 through an opening or manifold sys- 
tem, not shown, and flow around the fuel cells. 
Oxidant shown as arrow 48 can enter the inlet 
chamber 38 as shown, and flow into the center of 
the fuel cells through oxidant feed tubes 39. Com- 
busted exhaust gas, shown as arrow 50 can exit 
the preheating chamber as shown or can exit 
counter-current to the oxidant 48 by an effective 
manifolding system, not shown. 

The plurality of assembled cells, which Is a cell 
bundle, shown in Figure 2, or individual cells, 
shown best in Figure 1, with or without attached 
current collector felts, can be modified by: first, 
impregnating the fuel electrode with a selected 
metal-containing chemical, such as a metal salt 
solution capable of forming a metal oxide upon 
heating, into the fuel electrode of an individual 
electrochemical cell, with or without an attached 
metal current collector felt, or Into a bundle of a 
plurality of electrochemical cells connected In se- 
ries and preferably also in parallel. These elec- 
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trochamlcal cells must have an air electrode, a 
nickel or cobalt containing fuel electrode, and solid 
oxide electrolyte therebetween. The configuration 
of the electrochemical cells can be round, oval, 
s flattened, triangular, and the like. The cells can be 
of single elongated construction, a plurality of sep- 
arate cell segments on a cell assembly, or a mono- 
lithic corrugated construction. 

The metal salt solution, aqueous or organic is 

10 selected from the group consisting of nitrates, for- 
mates, acetates, propionates, and butyrates, Step 1 
of Rgure 3. Phosphates and particularly sulfates 
can harm the electrochemical cell activity and are 
excluded. The metal is selected from the group 

75 consisting of Mg, Ca + Al, Sr + AJ and mixtures 
thereof with Mg most preferred. The preferred im- 
pregnant is an aqueous solution of magnesium 
acetate, Mg(OOCCH 3 )2 or Mg(OOCCH 3 >2 .4H 2 0 or 
magnesium nitrate, Mg(N0 3 >2 -2H20. 

zo When the fuel stream contains higher hydro- 

carbons, such as CbHs. CaHa, etc., substantial in- 
ternal reforming capability of the anode can be 
desirable, and metal safts which will provide oxides 
that are readily capable of adsorbing HaO are de- 

25 sirable. In this instance Mg salts are much pre- 
ferred, as they provide MgO, which is a strong H 2 0 
adsorber, which adsorbed H 2 0 can supply oxygen 
to react with adsorbed carbon released from hy- 
drocarbon cracking, to form CO and CO2 which are 

30 released Into the fuel stream. 

Optionally, from 0.5 wt.% to 6 wt.%, preferably 
1 wt.% to 3 wt%, based on metal salt weight, of a 
nonlonlc surface-active agent, that is, nonionic sur- 
factant, which reduces interfaclal tension between 

3S the metal salt solution and the nickel and stabilized 
2irconia of the fuel electrode can be used when the 
metal salt is impregnated. These types of materials 
are well known and can include alkyiaryl ether 
alcohols, alkyiaryl polyether alcohols, alkyiaryl 

40 polyethylene glycol ethers, and the like. The sur- 
factant is generally eliminated by vaporization or 
oxidation before the 1,000 *C operating tempera- 
ture of the generator is reached. These materials 
help in impregnation of the finer pores of the an- 

45 ode. Before impregnating the electrochemical cell 
containing the fuel electrode, the metal salt solution 
is de-aerated to remove trapped air, by a process 
such as boiling for a short period. 

Preferably, the metal salt solution is applied by 

so vacuum impregnation techniques, where the elec- 
trochemical cell is placed in a container and a 
vacuum is drawn. Then, the de-aerated metal salt 
solution is added to the container until the fuel 
electrode Is covered. This procedure insures that 

55 no air will be trapped in the fuel electrode pores, 
thus promoting complete penetration of metal salt 
solution through the bulk of the fuel electrode to 
the interface of the electrolyte. Step 2 of Figure 3. 
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Alternative but less preferred application tech- 
niques are pressurized spraying and dipping. 

After impregnation into the porous fuel elec- 
trode or nickel metal felt, the metal salts are al- 
lowed to dry, preferably at approximately 25 # C. 
Step 3 of Figure 3. The metal salt penetrates 
deeply into the pores of the fuel electrode between 
the nickel particles and the zircon ia skeleton, where 
the fuel electrode is about 30% to 40% porous, 
and any attached current collectors, which are 
about 85% to 97% porous. This provides the Im- 
pregnated electrochemical cell described in this 
invention. 

Single electrochemical cells, Impregnated in 
this fashion can then bB made into a bundle. Pref- 
erably, the bundle itself, such as that shown in 
Figure 2, containing a plurality of electrically con- 
nected cells 10, including possibly also the bus 
bars 37, is impregnated as one unit. Then, as Step 
4 in Figure 3, the bundle, or other configuration of 
cells as described previously. Is placed into an 
electrochemical generator such as that shown as 
30 in Figure 2. 

Preheated hydrocarbon containing fuel Is fed 
into the generator to reach start up temperature 
and then oxidant, such as air is also fed into the 
generator. At between about 400 • C and 1 ,000 • C. 
the applied salts, in the fuel cell assembly in the 
generator, will form oxides, for example MgO, 
CaO- AI2O3, SrO-AfeOs, Step 5 of Figure 3. These 
oxides are formed as minute particles approxi- 
mately 0.01 micrometer to 1 micrometer in diam- 
eter, much smaller than the nickel particles of the 
fuel electrode, which are usually from 3 microm- 
eters to 15 micrometers in diameter. All these 
oxides are Insulative in the generator environment 

These oxides are distributed through the bulk 
of the fuel electrode, and as described previously, 
attract and adsorb HaO. which H 2 0 aids the pro- 
cess of hydrocarbon feed reforming at the fuel 
electrode. This results in the ready formation of H 2 , 
C0 2t and COa rather than the potential competing 
steps Involved in cracking or hydrocarbon decom- 
position to form carbon, Step 6 of Rgure 3. 

The invention will now be illustrated by refer- 
ence to the following non-limiting Example. 

EXAMPLE 

Two axiaily elongated, solid oxide fuel cells, 
similar to those shown in Rgure 1 of the Drawings, 
were made. They each had a calcia stabilized 
zirconia support tube, a lanthanum manganite inte- 
rior air electrode, a yttria stabilized zirconia elec- 
trolyte, and a nickel-stabilized zirconia cermet fuel 
electrode, where a yttria stabilized zirconia skeleton 
was grown around 5 micrometer nickel particles by 
a vapor deposition process well known in the art. 



They each Included a magnesium doped lan- 
thanum chromite interconnection. Both cells tested 
favorably for leak tightness. They were both about 
40 cm long, with a 36 cm long active length, and a 
5 1 .5 cm outside diameter. 

One fuel cell. Sample A, was placed in a hori- 
zontally fixed, long, tubular, closed end vessel hav- 
ing an end closure and a plurality of rubber septum 
side closures. A vacuum was drawn on the fuel 

to cell. Then, a degassed aqueous solution of re- 
search grade magnesium acetate solution (0.43 g. 
magnesium acetate in 1 g. of distilled water) con- 
taining about 0.043 g. (3 wt%) of nonionfc surfac- 
tant was placed in a hypodermic needle. The metal 

is salt solution was squirted onto a plurality of por- 
tions of the fuel cell by inserting the hypodermic 
through the rubber septums. The ceil was left in 
the chamber for about 3 hours for soaking and 
uniform distribution of the metal salt solution. Im- 

20 preg nation into the bulk of the electrode by capil- 
lary action on the metaJ salt was visually apparent. 
The cell was later dried at 25 • C for 24 hours. 

A porous nickel fiber metal current collector 
was then attached to the interconnection and fuel 

25 electrode of both Sample A and B cells, as was a 
nickel busbar. Then, the Sample A assembly was 
again vacuum impregnated with the aqueous mag- 
nesium acetate solution so that the attached nickel 
felt was also impregnated. The cell was dried again 

30 at room temperature and installed in a cell test 
envelope made of alumina lined quartz for elec- 
trochemical evaluation. The unlmpregnated. Sam- 
ple B, cell was also placed In a similar cell test 
envelope for electrochemical evaluation. 

as In both instances, the cell temperature was 

slowly rafsed to 600- C over 16 hours duration, in a 
90% N 2 -5% Hj-5% H 2 0 atmosphere, at which 
time magnesium oxides were formed in the im- 
pregnated Sample A cell. The cells were subse- 

40 quently brought up to and through 800 *C. The 
cells were then operated at 1,000 *C in 95% H 2 - 
5% H2O, to obtain stable cell voltage. Fuel was 
then changed to methane (high purity grade, 
99.99% pure CH4) plus H a O vapor, In the volume 

45 ratio 3/1 of HaO/ChU. at 75 hours for Sample A, 
and at 55 hours for unlmpregnated Sample B. The 
cell voltage was then monitored with time. Cell 
open circuit voltage, cell resistance and gas com- 
position along cell length was also monitored from 

so time to time. 

The voltage vs. time curve for the Sample A 
fuel cell, the cell of this invention, is shown in 
Figure 4 of the Drawings. Initial voltage with Hz 
feed Is shown as curve portion A. The voltage 

55 remained stable, shown as curve portion B, until 
the temperature was dropped to 900 * C at about 
420 hours, for which process a voltage drop oc- 
curred as shown as curve portion C, but, very 
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impressively, when the temperature was brought 
back up to 1.000 *C at about 520 hours there was 
complete recovery of voltage, shown as curve por- 
tion D. The test was concluded at about 580 hours. 

In later tests of similar fuel cells, no measur* s 
able deactivation of the fuel electrode was ob- 
served at up to 2,000 hours of operation. Test 
conditions were air as oxidant, 3/1 ratio of hbO/CH* 
fuel feed, Chk , 85% fuel utilization, 25% air utiliza- 
tion, and a current density of about 250 mA/cm 2 . In to 
a similar impregnated ceil, identical cell voitage vs. 
current density curves were obtained, Figure 5 of 
the Drawings, Indicating that metal salt impregna- 
tion does not harm cell performance and that ex- 
cellent performance is achieved in hfe as well as in 76 
CHi + HaO. 

The voltage vs. time curve for the standard 
(comparative) Sample B fuel cell, the unimpreg- 
nated cell, is shown as Figure 6 of the drawings. 
Initial voltage with H 2 feed is shown as A. Curve B zo 
shows introduction of methane and water vapor at 
about 40 hours, after which the voltage gradually 
dropped during continued operation, to 315 hours, 
clearly indicating deactivation. The test was con- 
cluded at about 320 hours. Test conditions were air 2s 
oxidant CH* and H a O fuel, 85% fuel utilization, 
25% air utilization, and a current density of about 
250 mA/cm 2 . 

Upon completion of both tests 580 hours op- 
eration for Sample A fuel cell, and 320 hours 30 
operation for unimpregnated comparative Sample B 
fuel cell, both fuel cells were examined through a 
scanning electron microscope with an attached 
electron diffraction x-ray analyzer. No carbon was 
observed on the Sample A fuel cell of this invention as 
but carbon was observed in the Sample B fuel cell. 
The Sample A cell, containing magnesium oxides 
was thus seen to be much superior in preventing 
carbon formation on the fuel electrode. 

40 

Claims 

1- An electrochemical generator apparatus (30), 
containing an electrochemical cell assembly 
comprising at least one electrochemical cell 4S 
(10) containing a fuel electrode (18), character- 
ized In that the fuel electrode comprises a 
porous nickel-zirconia cermet and contacts a 
soKd oxide electrolyte, the fuel electrode is 
impregnated to the electrolyte surface with bo 
metal-containing salts selected from the group 
consisting of nitrate, formate, acetate, pro- 
pionate, and butyrate, which form metal oxides 
upon heating, where the metal is selected from 
the group consisting of Mg, Ca plus Al. Sr plus 55 
Al, and mixtures thereof. 
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2. The electrochemical generator apparatus of 
claim 1 , characterized in that the electrochemi- 
cal cell (10) comprises a a porous fuel elec- 
trode (18) containing nickel, an air electrode 
(14). and a solid electrolyte (16) therebetween. 

3. The electrochemical generator apparatus of 
claim 1, characterized in that the electrochemi- 
cal cell is a fuel cell. 

4. The electrochemical generator apparatus of 
claim 1, characterized in that the cell assembly 
comprises a plurality of cells electrically con- 
nected with porous, fiber metal current collec- 
tors, where the current collectors are also im- 
pregnated with the chemicals. 

5. The electrochemical generator apparatus of 
claim 1, characterized In that the metal is se- 
lected from the group consisting of Mg. Ca 
plus Al, and Sr plus Al. 

6. The electrochemical generator apparatus of 
claim 1, characterized in that the metal is Mg. 

7. The electrochemical generator apparatus of 
claim 1 , characterized in that the metal oxide is 
magnesium oxide, formed from heating a met- 
al salt selected from the group consisting of 
Mg nitrate, Mg acetate, and mixtures thereof. 

8. The electrochemical generator apparatus of 
claim 1, operating at a temperature over 
800 # C r characterized in that the metal oxides 
formed are effective In attracting any water 
present In the fuel, and the adsorbed water 
provides oxygen to combine with any carbon 
from decomposing hydrocarbon fuel. 

9. The electrochemical generator apparatus of 
claim 1 , characterized in that the electrochemi- 
cal cell has a tubular, axially elongated con- 
figuration. 

Patentanspruche 

1- Eln elektrochemischer Generatorappart (30), 
der sine elektrochemische Zellenanordnung 
enthatt, bestehend aus zumindast einer elek- 
trochemischen Zelle (10), die Bine Brennstoff- 
eiektrode (18) enthSH, dadurch gekennzeich- 
net, da6 die Brennstoffelektrode ein poroses 
Nickel-Zirkonia-Cermet enthfilt und einen fe- 
sten Cbddelektrolyten berOhrt, die Brennstoff- 
elektrode 1st zu der Elektrolytoberfiache mlt 
metallhaltigen Salzen fmpragnlert, ausgewShlt 
aus der Gruppe bestehend aus Nltrat, Format, 
Acetat, Propionat und Butyrat, die bei Erhit- 
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zung Metalloxide bilden, wobal das Matalt aus- 
gewShlt ist aus dor Gruppe bestehend aus Mg, 
Ca plus Al, Sr plus At, und Mischungen davon. 

2. Dar elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzeichnet, daB die 
elektrochemische Zelle (1 0) eine porftse 
Brennstoffelektrode (18) umfadt, welche Nickel, 
eine Luftelektrode (1 4) und einen Festelektroly- 
ten (16) dazwischen enthfilt. 

3. Der elektrochemische Generatorapparat nach 
Anspruch 1. dadurch gekennzelchnet, dafl die 
elektrochemische Zelle eine Brennstoffzelle 1st 

4. Der elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzeichnet, da8 die 
Zellenanordnung aus einer Vielzahl von Zellen 
besteht, die elektrisch mit porfisen Faserme- 
tallstromkollektoren verbunden sind, wobei die 
Strom kollektoren auch mit den Chemi kalian 
imprSgnlert stnd. 

5. Der elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzelchnet, daB das 
Metall ausgewShlt ist aus der Guppe beste- 
hend aus Mg. Ca plus At. und Sr plus At. 

6. Der elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzeichnet, dafl das 
Metail Mg ist. 

7. Der elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzelchnet, da9 das 
Metatloxid Magnesiumoxld 1st. gebitdet aus Er- 
hitzen elnes Metallsatzes ausgewMhft aus der 
Gruppe bestehend aus Mg-Nitrat, Mg-Acetat 
und Mischungen davon. 

8. Der elektrochemische Generatorapparat nach 
Anspruch 1, betrieben bei einer Temperatur 
oberhalb von 600 * C, dadurch gekennzelchnet, 
daB die gebildeten Metal loxlda wlrksam slnd 
belm Anziehen Irgendwelchen im Brennstoff 
anwesenden Wassers, und daB das adsorbierte 
Wasser Sauerstoff Hefert. um mit Irgendwel- 
chen Kohlenstoff aus Bich zerseteenden Koh- 
lenwasserstoffbrennstoff zu kombtnieren. 

9. Der elektrochemische Generatorapparat nach 
Anspruch 1, dadurch gekennzeichnet, daB die 
elektrochemische Zelle eine rohrformiga, axial 
langgestreckte ^Configuration hat. 

Revendlcatlons 

1. GEnErateur Electrochimique (30) contenant un 
ensemble de cellules Electrochimiques com- 



prenant au molns urve cellule Electrochimique 
(10) munle d'une electrode a combustible (18), 
caractErisE en ce que ('electrode a combusti- 
ble comprend un cermet de nickel-zirconium 

5 poreux et vient en contact avec un Electrolyte 

a oxyde solide, et en ce que I '6 1 eel rode a 
combustible est impregnee, du cotE de )a sur- 
face de I'Efectrolyte, par des sels contenant 
des metaux, ces sels Etant choisis dans le 

70 groups comprenant les nitrates, les formates, 

les acEtates, les propionates, et les fouty rates, 
qui torment des oxydes metalliques lorsqu'on 
les chauffe, tandfs que le metal est choisi dans 
le groupe comprenant Mg, Ca plus Al. Sr plus 

16 Al. et des mElanges de ces mEtaux. 

2. Generateur electrochimique selon la revendica- 
tion 1, caractErisE en ce que fa cellule electro- 
chimique (10) comprend une Electrode a com- 

20 bustible poreuse (t8) contenant du nickel, une 

electrode a air (14). et un electrolyte solide 
(16) entre ces deux electrodes. 

3. Generateur Electrochimique selon la revendica- 
25 tlon 1 . caractErisE en ce qua la cellule Electro- 
chimique est une cellule a combustible. 

4. Generateur Electrochimique selon la revendica- 
tion 1, caractErisE en ce que I' ensemble de 

30 cellules comprend un certain nombre de cellu- 

les reliees electri quern ent par des cotlecteurs 
de courant en fibres metalliques pore uses, ces 
cotlecteurs de courant etant Egalement Impre- 
gnEs par les produfts chimlques. 

3S 

5* Generateur Electrochimique selon la revendica- 
tion 1, caractErisE en ce que le metal est 
choisi dans le groupe comprenant Mg, Ca plus 
Al, et Sr plusAJ. 

40 

6. Generateur Electrochimique selon la revendi ca- 
tion 1, caractErisE en ce que le metal est du 
Mg. 

45 7. Generateur Electrochimique selon la revendi ca- 
tion 1, caractErisE en ce que Toxyde mEtalli- 
que est de Poxyde de magnEsium formE par 
chauffage d'un sel mEtallique choisi dans le 
groupe comprenant le nitrate de Mg. PacEtate 

so de Mg, et des melanges de ces ElEments. 

8. Generateur Electrochimique selon la revendica- 
tion 1, fonctionnant a une temperature supE- 
rleure a 800 *C, caractErisE en ce que les 
55 oxydes mEtalliques formes sont efficaces pour 

attlrer toute eau prEsente dans le combustible, 
et en ce que i'eau adsorbee fournit de Poxy ge- 
ne destinE a se combiner avec tout carbone 
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provenant da ia decomposition du combustible 
d'hydrocarbure. 

Qenarateur electrochfmique eelon la revendica- 
tion 1 , caracterise en ce que la cellule dtectro- 
chimique present© une configuration tubulaire 
allongee axialement 



16 



20 



25 



35 



6a 



55 



8 



06/26/00 11:04 



REEDFAX -> 916174430004 



NO. 782 P010/014 



EP 0 372 680 B1 




PREPARE METAL 
SALT 
SOLUTION 




IMPREGNATE ANOOES 
OF THE ELECTRO- 
CHEMICAL CELL 







DRY THE 




CELLS OR 




BUNOLE 





5x 


«^ 


PLACE BUNDLE 
OF CEILS INTO 
GENERATOR 




FORM OXIDES 
FIOM SALTS 
DURING OPERATION 




OXIOES PREVENT 
CARBON 
FORMATION 







FIG. 3 



9 



06/26/00 11:05 REEDFAX -> 916174430004 



NO. 782 P01 1/014 



EP 0 372 660 B1 




10 



06/26/00 11:05 REEDFAX -» 916174430004 



NO. 782 P012/014 



EP 0 372 680 B1 




06/26/00 11:05 REEDFAX * 916174430004 



NO. 782 P013/014 




12 



06/26/00 11:05 REEDFAX -> 916174430004 



NO. 782 P014/014 




